[bookmark: _Hlk6897498][bookmark: _Hlk71035630][bookmark: _Hlk3548187][bookmark: _Toc508617208][bookmark: _Hlk59524035]3GPP TSG-RAN5 Meeting #91-e	R5-213244
Electronic Meeting, 17 May– 28 May 2021

Agenda item:	5.3.2.17
Source:	Keysight Technologies
Title:	On QoQZ Reference Points for Larger Quiet Zones
Document for:	Discussion and Endorsement
Introduction
This contribution addresses the definition of reference points for quiet zones beyond 30cm, e.g., 40cm and 55cm, and the relaxation of at least one of them due to mechanical interference concerns and/or chamber size optimization. 
Discussion
[bookmark: _Ref31104997]In [1], two approaches to define the QoQZ reference positions were introduced. The conventional approach, currently used for 20cm and 30cm diameter quiet zones, to define the QoQZ reference points is based on 7 points
· 1 point, P1, at the centre of QZ (0,0,0)
· 6 points, P2-P7, at the edges of the spherical QZ
The reference points are defined in Table O.2.5-1 of [3] 
		Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	R
	0
	0

	P3
	-R
	0
	0

	P4
	0
	R
	0

	P5
	0
	-R
	0

	P6
	0
	0
	R

	P7
	0
	0
	-R


Table O.2.5-1: Reference AUT Measurement Coordinates


and are illustrated in Figure 1 (in blue) together with the spherical QZ (with diameter D=2R) evaluated.
[image: ]
[bookmark: _Ref65670081]Figure 1: Illustration of the QoQZ validation reference points and spherical quiet zone evaluated as defined for 20cm and 30cm QZs.
Figure 2 illustrates a sample IFF system implementation (probe antenna, positioner, and reflector) with 30cm QZ (highlighted with the grey sphere) and the 7 reference positions (shown in blue). Clearly, the reference point P7 at (0,0,-R) could be located relatively close to the positioner mast/Roll stage to allow for compact system implementations.
[image: ]
[bookmark: _Ref65842000]Figure 2: Illustration of a sample IFF system with 30cm QZ and the QoQZ reference points P1-P7.
As discussed in previous meetings, one of the key objectives for the next larger QZ beyond 30cm was to leverage the design of existing systems supporting the 30cm spherical QZ. The re-design of positioners to support larger and heavier devices was not precluded. 
Figure 3 illustrates the same sample IFF system originally designed for a 30cm QZ (highlighted with the grey sphere) and the 7 reference positions (shown in blue with R=20cm) on a 40cm spherical quiet zone (highlighted with the yellow sphere). Obviously, to support devices up to 40cm in diameter (or larger based on the grey-box test approach), the chamber must have sufficient clearance between P2-P5 and the absorbers mounted on the chamber walls (P2-P4) and the top of the positioner turntable (P5). Clearly, the reference point P7 at (0,0,-R) could be difficult to support with existing systems without design changes due to interference/blocking since that reference point could now be located within the positioner. Given the large distance between the reflector and the centre of the QZ, P6 is readily supported given the lack of any mechanical interference/blocking. 
[bookmark: _Ref65857292]Observation 1: Existing systems originally designed for a 30cm QZ could introduce mechanical interference/blocking for reference point P7 of a QZ larger than 30cm.
[bookmark: _Ref65857293]Observation 2: Existing systems originally designed for a 30cm QZ readily support P6 of a QZ larger than 30cm.

[image: ]
[bookmark: _Ref65845607]Figure 3: Illustration of a sample IFF system originally designed for 30cm QZ and the QoQZ reference points P1-P7 with R=20cm.
Figure 4 illustrates the same sample IFF system originally designed for a 30cm QZ (highlighted with the grey sphere) after a small re-design of the positioner provided that sufficient clearance between the relocated positioner mast and the vertical chamber walls is available. The 7 reference positions (shown in blue with R=20cm) on a 40cm spherical quiet zone (highlighted with the yellow sphere), especially P7, are readily supported since the re-designed positioner removed the mechanical interference/blocking between P7 and the positioner. 
[image: ]
[bookmark: _Ref65845575]Figure 4: Illustration of a sample IFF system originally designed for 30cm QZ and the QoQZ reference points P1-P7 with R=20cm after a small re-design of the positioner.

As outlined in [1], an alternate set of QoQZ reference points could be considered for systems that do not readily support all 7 reference points on the larger QZ, i.e., for the 40cm QZ, the following set of reference points were proposed
	Table 4: Alternate QoQZ Reference Points for 40cm QZ
	
	Coordinates with P2-P7 on a “capped spherical” surface [cm]

	Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	20
	0
	0

	P3
	-20
	0
	0

	P4
	0
	20
	0

	P5
	0
	-20
	0

	P6
	0
	0
	20

	P7
	0
	0
	-17.5





The approach was a compromise based on the initial proposal in [2], later revised to 
	Proposal x: QoQZ reference positions shall be adapted as in table, being H/2 the maximum DUT height supported by the test system.
	 
	Coordinates [cm]

	Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	R
	0
	0

	P3
	-R
	0
	0

	P4
	0
	R
	0

	P5
	0
	-R
	0

	P6
	0
	0
	H/2

	P7
	0
	0
	-H/2





It should be highlighted that the reference position at P7, (0,0,-R), is not necessarily required to evaluate the quiet zone at (0,0,-R) since reference antenna positions P2-P5 with specific reference orientations a and b defined in Clause O.2 of [3] will yield QoQZ test positions at (0,0,-R) with the reference antenna pointing straight at the reflector for peak EIRP measurements. An example test configuration is illustrated in Figure 5. On the left is the initial reference antenna setup for reference point P2 with a=0o and b=270o, i.e., the antenna is positioned at reference position P2 of (R, 0, 0) with the antenna pointing in the - x direction. A motor Roll/AZ of (180o, 90o) is required for the reference antenna to point directly at the reflector for the peak EIRP measurement which effectively places the reference antenna at the QoQZ test position (0,0,-R). 
[image: ] [image: ]
[bookmark: _Ref65682006]Figure 5: Illustration of example configuration. Initial reference antenna setup on left and after positioner adjustment for peak EIRP measurement on the right. 
[bookmark: _Ref65688876][bookmark: _Ref65860669][bookmark: _Hlk71037136][bookmark: _Hlk71037043]Observation 4: Defining the reference point P7 at z>-R in the QoQZ procedure still allows the QoQZ evaluation of P1-P5 over the entire spherical surface with radius R including test point (0,0,-R)
Since both approaches, i.e., defining the 7 reference points as defined in Table O.2.5-1 of [3] and the alternate approach that allows the reduction of the z position of P7 from R to H/2, evaluate the same spherical QZ with radius R, it is important that both approaches yield the very similar QoQZ results.
[bookmark: _Ref65860668]Observation 3: Both approaches to define the QoQZ reference points, i.e., defining the 7 reference points as defined in Table O.2.5-1 of [3] and the alternate approach that allows the reduction of the z position of P7 from R to H/2, evaluate the same spherical QZ with radius R and should thus yield very similar QoQZ results
However, the key concerns with the above approach that defines P6&P7 at z=±H/2 are as follows:
1. The reference point P6 has no mechanical interference/blocking issues and as such there is no technical justification to restrict the z coordinate of P6 to anything less than R.
2. The lack of a lower bound of H would allow vendors to declare a very small H, e.g., close to 0. In this extreme case, P6&P7 would effectively become P1. The QoQZ results at P1 are generally smaller than at the reference points on the surface P2-P7. By defining a very small H, you are allowing smaller QoQZ measurements at P6 and P7 to be taken into account for the std. deviation which effectively lowers the QoQZ MU. If you were to characterize the QZ with a large H, e.g., 2R instead, the QoQZ results would be larger since P6 and P7 results would increase. Hence, not bounding H and allowing vendors to pick arbitrary H values can yield lower QoQZ MU values than what the QoQZ MU really is when evaluated with the existing approach. 
Numerical simulations were performed to further investigate the #2 concern above and to quantify the potential differences between a campaign with H=2R (which corresponds to the current approach per Table O.2.5-1 of [3]) and H=0. For the investigation with H=2R, the EIRP results for each reference position were randomly generated with a standard deviation for the 34 different EIRP measurements per reference point P2-P7 of 0.9dB which was agreed to be the sample EIRP QoQZ MU for ETC . The standard deviation of the 34 EIRP measurements for P1 was chosen to be within 0.3 to 0.6dB; those results are generally better than P2-P7 since the P1 test positions are all in the centre of the quiet zone. The EIRP QoQZ MU for the QoQZ measurements with H=0 used the same std. deviations of 0.3-0.6dB for P6-P7 as for P1. The results for the 1 million simulations are tabulated in Table 1. The last column outlines the max difference between the EIRP QoQZ MU with H=2R and H=0. Clearly, this the maximum differences of up to 0.18dB supports the concern mentioned above and emphasizes that defining the QoQZ reference points at P6&P7 without a minimum bound is not acceptable. 
[bookmark: _Ref65857294]Observation 5: The QoQZ procedure with reference points P6&P7 at z=±H/2 with arbitrary H can underestimate the EIRP QoQZ MU when compared to the full QoQZ procedure with reference points P6&P7 at z=±R. 
[bookmark: _Ref65859576]Table 1: Simulation results for the max difference in EIPR QoQZ MU between H=2R and H=0
	Target EIRP QoQZ MU at P1 [dB]
	Max Difference in EIPR QoQZ MU between H=2R and H=0 [dB]

	0.3
	0.18

	0.4
	0.18

	0.5
	0.16

	0.6
	0.15



Given the lack of mechanical interferences, it can therefore be concluded that P6 should be continue to be defined as (0,0,R) and that a minimum bound for z7 of P7 (0,0,-z7) is required for larger QZs.
[bookmark: _Ref65860671]Proposal 1: Continue to define QoQZ reference point P6 as (0,0,R) for larger QZs
[bookmark: _Ref65860672]Proposal 2: Define a minimum bound for z7 of QoQZ reference point P7 (0,0,z7) for larger QZs
For larger devices/quiet zones, e.g., 40cm and 55cm, it makes sense to limit the extent of the QoQZ reference point P7 and introduce alternate QoQZ reference points. It was previously shown that laptops, the primary device category for larger quiet zones, exhibit a larger extent in x and y than z for the only permitted device alignment option for laptops in [3], i.e., Table N.2-4. 
	[bookmark: _Hlk65853695]Table N.2-4: Test conditions and angle definitions for laptops
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space
DUT Orientation (default)
	α = 0º;
β = 0º;
γ = 0º
	θLink;
ϕLink
with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas
with polarization reference 
PolMeas = θ or 
ϕ
	
[image: ]


	Free space
DUT Orientation 2 – Option 1 
(based on re-positioning approach)
	α = 180º;
β = 0º;
γ = 0º
	θLink;
ϕLink
with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas
with polarization reference 
PolMeas = θ or 
ϕ
	[image: ]

	Free space
DUT Orientation 2 – Option 2 
(based on re-positioning approach)
	α = 0º;
β = 180º;
γ = 0º
	θLink;
ϕLink
with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas
with polarization reference 
PolMeas = θ or 
ϕ
	[image: ]


	NOTE 1:	A polarization reference, as defined in relation to the reference coordinate system in N.1-1, is maintained for each signal angle, link or interferer angle, and measurement angle.
NOTE 2:	The combination of rotations is captured by matrix M=Rz()•Ry()•Rx()





Allowing the extent of P7 to be reduced would effectively allow larger DUTs like laptops to be moved closer to the positioners. This in turn would allow an optimized positioner design with better QoQZ performance due to the lower torque and load requirements. 
[bookmark: _Ref65860670]Observation 6: Allowing the extent of P7 to be reduced would allow optimized positioner designs with better QoQZ performance due to the lower torque and load requirements.
As summarized in [4], a variety of laptops were studied in the open configuration (with opening angle of 110o) to determine the maximum sphere vs cylinder size required to fully enclose the laptop. These results are summarized here again for convenience in Table 2. 



[bookmark: _Ref19708513][bookmark: _Ref23879941]Table 2: Survey of commercially available laptops with WWAN (LTE) connectivity in terms of dimensions
	Type
	Models (with WWAN)
	Dimensions (closed) [cm]
	Min. Sphere Diameter to fully enclose laptop (when open) [cm]
	Min. Cylinder Dimensions to fully enclose laptop (when open) [cm]

	
	
	Width
	Depth
	Height
	
	Diameter
	Height

	Mobile
	Dell Latitude 7300
	30.7
	20.7
	1.8
	46.5
	41.4
	21.3

	
	Dell Latitude 7400
	32.0
	20.0
	1.5
	46.4
	41.7
	20.3

	
	HP EliteBook x360 1030 G4
	30.6
	20.4
	1.6
	46.0
	41.1
	20.8

	
	HP EliteBook x360 1040 G6
	32.1
	21.5
	1.7
	48.4
	43.2
	21.9

	
	Lenovo X1 Carbon Gen 7
	32.3
	21.7
	1.5
	48.7
	43.5
	21.9

	Medium Workstation
	HP ZBook Studio G5
	36.0
	25.4
	1.8
	55.8
	49.6
	25.6

	
	HP ZBook 15
	37.6
	26.4
	2.5
	58.5
	51.7
	27.4

	
	Lenovo P53
	37.8
	25.2
	2.5
	57.1
	50.7
	26.2

	Large Workstation
	HP Zbook 17
	41.6
	28.8
	3.3
	64.4
	56.8
	30.4

	
	Dell Precision 7740 Mobile Workstation
	41.4
	25.3
	2.7
	59.8
	53.6
	26.5


[bookmark: _Hlk71035728]In order to progress with QoQZ MU analyses for RAN5#92, it is necessary to conclude on the definition of the reference points for the next two larger QZ zones and to confirm the size of the QZ beyond 40cm. Given the feedback provided during RAN5#90-e [5] from one OEM and the proposal from one TE vendor based on a review of commercially available devices requiring a large QZ [6], it is proposed to consider 55cm the QZ size suitable for laptop devices [7]. 
The grey-box testing approach [1], currently considered for device sizes beyond 30cm, allows larger devices to be positioned without having to align the geometric centre in the centre of the QZ to make sure that the declared active antenna panels are included inside spherical QZ while portions of the device that do not contribute to the radiation can be positioned outside the QZ. Since antenna panels can readily be integrated in the base and the lid of the laptop, the P7 reference point for quiet zones beyond 30cm, e.g., 40cm and 55cm, should allow large laptops to be supported. It is therefore proposed to select the minimum bound of P7 to be at z7=-35/2cm=-17.5cm to readily support large laptops and large CPE devices. In summary, the QoQZ reference points for quiet zones beyond 30cm shall be defined as currently defined in Table O.2.5-1 of [3] with an allowance of the alternate approach tabulated in Table 3.
[bookmark: _Ref65857186]Table 3: Alternate QoQZ Reference Points for 40cm (R=20cm) and 55cm (R=27.5cm) QZs
	
	Coordinates [cm]

	Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	R
	0
	0

	P3
	-R
	0
	0

	P4
	0
	R
	0

	P5
	0
	-R
	0

	P6
	0
	0
	R

	P7
	0
	0
	-17.5cm


[bookmark: _Ref65857295][bookmark: _Ref71054807]Proposal 3: For the two quiet zones beyond 30cm, i.e., 40cm and 55cm, define the QoQZ reference positions as currently defined in Table O.2.5-1 of [3] with an allowance of the alternate approach tabulated in Table 3, i.e., with P7 = (0,0,-17.5cm)


Conclusion
This contribution highlighted the following observations and proposals:
Observation 1: Existing systems originally designed for a 30cm QZ could introduce mechanical interference/blocking for reference point P7 of a QZ larger than 30cm.
Observation 2: Existing systems originally designed for a 30cm QZ readily support P6 of a QZ larger than 30cm.
Observation 3: Both approaches to define the QoQZ reference points, i.e., defining the 7 reference points as defined in Table O.2.5-1 of [3] and the alternate approach that allows the reduction of the z position of P7 from R to H/2, evaluate the same spherical QZ with radius R and should thus yield very similar QoQZ results
Observation 4: Defining the reference point P7 at z>-R in the QoQZ procedure still allows the QoQZ evaluation of P1-P5 over the entire spherical surface with radius R including test point (0,0,-R)
Observation 5: The QoQZ procedure with reference points P6&P7 at z=±H/2 with arbitrary H can underestimate the EIRP QoQZ MU when compared to the full QoQZ procedure with reference points P6&P7 at z=±R.
Observation 6: Allowing the extent of P7 to be reduced would allow optimized positioner designs with better QoQZ performance due to the lower torque and load requirements.
Proposal 1: Continue to define QoQZ reference point P6 as (0,0,R) for larger QZs
Proposal 2: Define a minimum bound for z7 of QoQZ reference point P7 (0,0,z7) for larger QZs
Proposal 3: For the two quiet zones beyond 30cm, i.e., 40cm and 55cm, define the QoQZ reference positions as currently defined in Table O.2.5-1 of [3] with an allowance of the alternate approach tabulated in Table 3, i.e., with P7 = (0,0,-17.5cm)
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30cm QZ System and QoQZ Reference Points
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40cm QZ System and QoQZ Reference Points
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40cm QZ System and QoQZ Reference Points
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Mounting Orientation for Test Point #33
Reference Point: P2

Orientations:a=0°, 3=270°, 7r°t=0°
Motor Roll: 0°, AZ: 0°
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Orientation for Peak EIRP Measurement for Test Point #53
Reference Point: P2

Orientations:a=0°, 3=270°, 7rot=0°

Motor Roll: 180°, AZ: 90°
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